Very neutron rich Ag, Cd, In and Sn isotopes lying in or near the r-process path have been studied at CERN/ISOLDE using the highest achievable isotopic selectivity. These methods include the use of a resonance-ionization-laser-ion-source and a two step neutron-coverter target in combination with a high-resolution mass separator. During these studies a number of nuclear-physics surprises have been discovered. They and their astrophysical consequences on the A 130 solar rprocess abundance peak are discussed.
Introduction
One of the most important challenges for the study of the structure and decay of neutron-rich nuclei has been the investigation of those that lie in and near the path of r-process nucleosynthesis. Once the connection between the closed N=82 neutron shell and the abundance peak at A=130 had been established 1,2 it was possible to infer that the path of rapid neutron capture must pass through nuclides like 129 Ag and 130 Cd that lie 20 and 14 neutrons away from β-stability. Consequently, a high priority has been conferred on the study of nuclides that lie that distance from stability in the whole A=130 region.
The understanding of the synthesis of the heaviest elements in the Universe requires the knowledge of nuclear-structure and decay properties of the order of 6000 nuclides from β-stability out to the neutron drip line. Clearly, most of these values must be obtained by various theoretical methods. On the other hand, the reliability of the results can be greatly improved by the use of experimental data where available. Moreover, the models can be improved through testing against new experimental data. The recent observation of elemental abundances in metal-poor halo stars that are quite similar to the solar r-process abundance pattern for elements with Z>56 (see Cowan, this conference) has placed even greater emphasis on the nuclear properties of nuclides in the A=130 "waiting-point" region.
Development of Experimental Methods
The study of r-process isotopes around N=82 began over a decade ago with the discovery of 130 Cd by Kratz et al. in 1986 3 at the old CERN/ISOLDE facility situated at the Synchrocylotron. At that time, the β-decay half-life (T 1/2 ) was measured with great experimental difficulties via multiscaling of so-called β-delayed neutrons to be (195±35) ms. A major step forward had thereafter been the move of ISOLDE to the PS-Booster, with a pulsed proton beam of 1 GeV. With this move, higher yields of very neutronrich, short-lived isotopes could be achieved with the pulsed proton beam. Simultaneously with the move of ISOLDE, the development of resonanceionization laser ion sources (RILS) was going on. For each of the elements of interest an efficient ionization scheme had to be developed and the ion source parameters had to be studied carefully. However, a disadvantage of the RILIS system is, that elements, such as In and Cs -with a low ionization potential -are still surface ionized. Therefore, they are the major source of isobaric contamination. Another significant improvement in order to obtain the new results has been the implementation of a "secondary target" at CERN/ISOLDE -proposed by Nolen et. al. 4 for the Rare Isotope Accelerator project. This so-called neutron converter acts as a kind of "mini-spallation-source". In a two step process, the 1 GeV proton-beam of the PS-Booster is impinging on a Ta or W rod in close proximity of the 238 U target. The fast neutrons produced by the proton beam then induce fission of uranium. The big advantage of this method is, that no or only very little of the proton-rich spallation products are produced in the target (for details see, e.g. 5 ). In addition, the experiments had been carried out at the high-resolution separator (HRS) at a mass resulution of M ∆M = 4300. Additional selectivity can be achieved using β-delayed neutron counting and multi-parameter γ-coincidence measurements. Without the combination of all of these methods the required isotopic selectivity would not have been possible.
Experiments on Neutron-rich Ag Isotopes
At the Sanibel conference in 1997 6 , we reported on some improvements of the experimental methods, in particular the hyperfine splitting of the Ag isotopes which finally made the "waiting-point" nucleus 129 Ag accessible. Recently, the T 1/2 of the N=83 isotope 130 Ag was measured to be (35±10) ms 7 for the first time. In addition, the quality of the γ-spectroscopic data of 124 Ag to 128 Ag 8 has improved considerably. These data are presently being analyzed. At this point, we have to note, that one of the first nuclearstructure surprises was the level systematics of the heavy even-even Cd isotopes populated in the decay of odd-odd Ag nuclides, where it was found, that the 645-keV 2 + energy of 128 Cd is actually 7 kev lower than the 2 + energy of 126 Cd. Such an observation is counter to most notions of the evolution of collectivity which is usually an increase or decrease in 2 + energy as nucleons are added to or removed from a closed shell. Therefore, we have come to the conclusion, that we have observed the first weakening of the N=82 neutron shell closure as Z drops below 50 8 .
Experiments on Neutron-rich Cd Isotopes
After the development of a RILIS for Ag, the next development was done for Cd. Again there were surprises to be discovered. With the Cd-RILIS, the T 1/2 of 130 Cd was remeasured with higher precision to 162(7) ms and the P n value to 3.6(10)%. Furthermore, the measurements were extended to both 131 Cd and 132 Cd, where T 1/2 (and P n values) of 68 (3) ms (3.6(10)%) and 97(1) ms (60(15)%) were determined, respectively 9 . The surprise was the short T 1/2 and the low P n value for 131 Cd to levels of the N=82 isotone 131 In. This indicates, that the levels populated via Gamow-Teller decay accross the N=82 closed shell must lie at lower energies than predicted by some shell model calculations. Very recently, the measurements could be extendend to 133 Cd with a half-life of 57(10) ms 7 . Recently, it has been possible to use the Cd-RILIS to study the β-and γ-decay of 130 Cd to levels of 130 In 5,10,11 . This particular nuclide is of considerable importance to r-process nucleosynthesis as its half-life of 162 ms provides the ultimate barrier to the matter flow in the A 130 region. Moreover, a full understanding of the structure and decay of 130 Cd is essential to the calculation of the lower-Z N=82 nuclides that also play a role in the buildup of the rising wing of the A 130 N r, peak. In order to observe γ-rays from 130 Cd decay in a region where large backgrounds of surface-ionized Cs and In isobars are present, all of the improvements mentioned in section 2. had been incorporated. Hence, the 130 Cd was produced via neutron induced fission, but not by spallation. The use of the neutron converter target thus resulted in a considerable lowering of the 130 In contaminant and an almost complete suppression of spallation produced 130 Cs. For 130 Cd, it has been possible to determine the 2120 keV energy for the 1 + level to which the Gamow-Teller β-decay goes. Using βγ-coincidences, we have measured the end-point for β-population of this level which allowed to determine the Q β value for 130 Cd decay. That Q value appears to be considerably higher than predicted by the mass formulae of Möller et al. 12 , Aboussir et al. 13 or Duflo and Zuker 14 , but rather lies in the high-energy range of recent "quenched" mass models (HFB/SKP, HFB-2)
15,16 and the value listed in the Atomic Mass Evaluation of Audi and Wapstra 17 . The 8 major gamma rays found to follow the β-decay of 130 Cd include a γ-ray at 388 keV, reported by Hellström et al. 18 , to stem from a microsecond isomer. Since it seems, that this level is populated in the decay of the 1 + level at 2120 keV by the 1732 keV γ-ray, we can assume that it is likely to have spin and parity of 3 + . The relatively (and unanticipatedly) high energy of the 2120 keV 1 + level is a consequence of two unexpectedly large position shifts in going from 128 In via 130 In. These levels are shown in Figure 1 where the evolution of the positions of the 1 + levels in the odd-odd In nuclides are shown as N increases toward the closed shell at N=82. The position of the 1 + level is seen to increase by 445 and 416 keV in going from 124 In via 126 In to 128 In, but then jumps by 628 keV to 130 In. Added to that larger than expected shift is the dramatic inversion of the 3 + and 1 − levels which lifts the 1+ level to a position 2120 keV above the ground state. Earlier shell-model calculations had shown a position for the 1 + level at about 1500 keV and near degeneracy for the 1 − and 3 + levels.
Experiments on Neutron-rich In Isotopes
The combination of the RILIS with the neutron converter allowed to further extend the information on extreme neutron-rich Indium isotopes to 135 In with 86 neutrons 19 . A T 1/2 of 92(10) ms has been determined and a very large P n value close to 100% has been estimated. With respect to the r-process, the 135 In isotope is a major "waiting point" beyond the N=82 closed neutron shell at neutron densities in the range of n n 10 25 n/cm 3 .
Experiments on Neutron-rich Sn Isotopes
Another focal point of our investigations has been the study of neutronrich Sn isotopes beyond the N=82 closed neutron shell. So far, it has been possible to identify and measure the β-decay half-lives via delayed neutron emission of 135 Sn to 138 Sn. The study of 138 Sn has been possible in spite of a production rate of only two nuclides per PSB pulse, as compared with 100 per pulse from 137 Sn and 3000 per pulse for 136 Sn. With respect to the r-process, 136 Sn is a "waiting-point" nucleus for moderate neutron densities of the order of 10 24 n/cm 3 needed to drive the r-process beyond the A 130 N r, peak.
The important nuclear physics surprise for the study of 135 Sn decay has been the discovery of the low 282 keV energy for the first excited state of 135 Sb, thought to have a significant πd 5/2 configuration. This surprise arises as the same state lies at 963 keV in 133 Sb at the N=82 closed shell. This dramatic drop in energy has been attributed to neutron skin effects which favor the binding of the lower-l d 5/2 state relative to the higher-l g 7/2 proton state. Once this was observed for the Sb nuclides with a single proton beyond the Z=50 closed shell, it was noted that a similar effect is observed in the Bi nuclides with a single proton beyond the Z=82 closed shell. There, the lower-l f 7/2 level is found to be steadily lowered by the addition of neutron pairs beyond N=126 relative to the higher-l h 9/2 level. For a detailed description of the results, see ref.
20 .
Conclusions and Outlook

Astrophysical Implications
As a consequence of the renormalization of the πν monopole interaction for 130 Cd decay, the half-lives of the so far unknown N=82 "waiting-point" nuclei 128 Pd to 122 Zr will become longer than those predicted by recent shell models (see, e.g. 21 ). This leads to a better insightinto the buildup of the A 130 N r, peak. As can be seen from figure 2, each N=82 r-process isotope acts as a "waiting point" for different neutron-density ranges. In consequence, the classical N r,prog × λ β const. concept 1, 3 has to be modified, including the effect of the different neutron separation energies on the r-abundances when the r-process "climbs up" the N=82 ladder from Z 40 to Z 50 22 . In dynamic r-proccess abundance calculations, the new data result in a better reproduction of the rising wing of this peak compared to calculations with the previous "short" shell-model half-lives. The direct consequence for astrophysics is a better understanding of the r-process matter flow through this "bottle-neck" region, which -to a large extent -also determines the total duration of a classical r-process 23 .
Outlook
Presently, we are approaching or have already reached the technical limits (2 138 Sn nuclei per PSB pulse) of studying very neutron-rich nuclei arround N 82 with the currently available ISOL techniques. However, there are still improvements that can be sought to obtain faster diffusion in the target as well as to lower isobaric backgrounds from surface isonization. In the near future the remaining r-process "waiting points" may be easier reached with fragmentation processes and their cocktail beams (see Schatz, this conference) at fragment separators such as the A1900 at MSU. For further improvements and the accessibility of the N 126 waiting-point nuclei devices like the rare isotope accelerator RIA or the GSI-upgrade are needed.
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